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FOREWORD .
|
Thas report represents results of water impact loads tests using Aft Skirt End
Ring, and ¥id Ring Segments of the Space Shuttle Sclid Rocket Booster (SRB) -
The tests were conducted in May/June 1983 by Chrysler Corporation, for
NASA/MSFC at the Hydrobailistics Facility of the Naval Surface Weapons
Center, White Oak, Maryland. !
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SECTION I - INTRODUCTION

Water impact loads tests using two aft skirt ring segment models of the Space
Shuttle Solid Rocket Booster configuration were conducted May/June 1983 at

the Naval Surface Weapons Center, White Oak, Maryland.

The orimary objectives of this water impact test program were:

a. Obtain water impact applied pressure and associated
dynamic structural response strain data for structures
which simulates a partial segment of the SRB aft skirt,
mid and aft rings.

b. Fvaluate effects of foam and foam contour shape
(including STS-7 contours) on applied pressures
and associated structural dynamic responses.

c. Evaluate effects of removing selected structural
reinforcements such as clips and gussets.

d. BAssess a proposed mid ring alternative design
for water impact structural dynamic responses.

e. Obtain water impact data for full-scale baseline
impact velocities and for the reduced impact
velocities associated with the larger main chute system.

f. During the final phase of the test program, increase
the impact velocity until the aft ring segment fails
in the no foam configuration. (Aft Ring Segment only).
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A total of 46 tail first shots were made during this test. Model entry
conditions were full scale vertical velocities of approximately 22 to 113
ft/sec, and impact angles of 0 to plus or minus 10 degrees. All tests were

conducted at atmospheric pressures 14.7 psia or 760 mm.Hg.

This report contains & description of the models, test program, test

facility, test  equipment, instrumentation  systems, data reduction

procedures, and test results.
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SECTION II - MODEL DESCRIPTION

The first model used for the test program was an aft skirt end ring segment
(approx. 30 degree segment) simulation of <the S7S-5 configuration. It
consists of 52" wide, 38" long, and 0.3" thick fliat skin panel wath (8)

stringers, (after machining) skirt aft ring, gussets, closecut plates, and

adapter base as illustrated in Figures 1 thru 5. This model configuration was

varied as noted 1in this text. The baseline mass characteristics were;

Weignht 435 1bs.

Moment of Inertia 58.68 Slug Sq.Ft.

C.G. Locaticn - 26.5 in. from aft ring

The second model consisted of two SRB Aft Skirt Mid Ring Segments (approx.
15 degree segments, without cvrvature) in a wedge shape structure, 42"x28"
wide, 69" long and 0.5" thick skan panels. Located apprcximately half way
up on one side of the wedge is a full-scale aft skirt mid ring segment
configured with structural reinforcement similar to the current baseline SRB
design. The other side 6f the wedge contains an alternative candidate
desagn for the mid ring. The skin panels are flight design configured to
include the integrally milled stiffeners above and below the mid ring,

Figures 6 thru 10. The baseline weight of the model segment was 655 lbs.

Both models were fabricated from 2919-T87 aluminum and each model was

attached to a barrel rod with adapter plates, Figures 11 thru 13. Model
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welght measurements were made without the instrument cables attached ,
to the model. The instrument cables were supported and dropped in- {
dependent of the model in each of the tests, therefore the acceleration '
weight of the instrument cables was considered negligible, Figure 1l4. d '
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Figure 11  Barrel Rod (Photo)
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Model Loaded in Air Gun
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SECTION II1 - ELECTRICAL INSTRUMENTATION

The Aft Ring Segment model was instrumented with 3 crystal type
accelerometers, 12 piezoelectric pressure transducers, 27 uniaxaal, (3
located on rod) and 31 rosette foil strain gages. The instruments aiong
with their location and function are listed in Table I and illustrated in
Figures 15 thru 52.Not all of the instruments could be recorded du .. - =ach

test run.

Figure 53 shows model accelerometer locations. These consisted of axiail,
pitch, and yaw accelerometers. The accelerometers wer2 located above the

€CG of the model. Accelerometer sign convention is &s illustrated by

Figure 53.

The Mid Ring Segment model was instrumented with 3 crystal type
accelerometers, 12 piezoelectric pressure transducers, 57 uniaxial, (3
located on rod) and 28 rosette foil strain gages. The ainstruments along
with their 1location and function are listed in Table Il and illustrated in
Figures 54through 104, Net all of the instruments could be recorded during

eaclhi test run.

All instruments were water proofed with a combination of scotch cast epoxy

resin, RTV, silicone grease, and catepillar cement. To proteft the pressure

19
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transducers from thermal shocks, the diaphrams were recessed approximately
1/16 of an inch below the mcdel skin and covered with RIV. To protect the
transducers' connectors at water impact, small metal blocks and brackets

were added to the model, Figure 25. All instruments were bench calibrated
prior to installation in the model and were check calibrated through the model

instrument system after all wiring had been completed.

Instrument cignals were transmitted from the model through four instrument
cables attached to th model adapter base. The cables were approximately
3/4 inches in diameter, 130 feet long. They were made up of 50 shielded
pairs of 24 gage teflon insulated wire. All instruments used a 5 volt comm~n

power which was connected to the individual instrumets throughout the model.

Pressure, acceleration and strain gage outruts from the instrument cable
were fed through appropriate couplers or signal conditioners/amplifiers to
five 28 channel FM tape recorders. Data was recorded at 30 IPS, wide band,
(108 KHZ center frequency). IR16"B" time was recorded on each recorder.
Only 130 channels of data plus time code on every fourteen channel was

recorded. Figures 105 and 106 show the data recording system set-up.
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SECTION IV - TEST FACILITY

This test was conducted in the Hydroballistics Tank at the U.S, Naval
Surface Weapons Center, White Oak, Maryland. This tank is 35 feet wide, 100
feet 10ng and 75 fee: deep with a water depth variable from zero to 65 feet.
To preserve water clarity the tank is lined with stainless steel and the
water is continuously filtered. A two foot thick reinforced concrete
honeycomb structure surrounds the tank and is designed to permit reduction
of air pressure above the water for model scaling. Steam ejectors 1located
on the building roof are used to evacuate the tank for pressure scaled test.
The steam ejectors were not used for this test. All testing was

accomplished at atmospheric pressures.

Depending upon water level, access to the tank is obtained either through a
door in the bottom of the tank, two personnel hatches in the ceiling, or by
removing one of nine 3-foot diameter gun ports located in the north wall and
ceiling. Work inside the tank i1s performed from either a raft, a catwalk,
or a movable Dbridge 6.5 feet high by 10 feet wide which spans the 35 foot
width of the tank at the 61 foot elevation. For photographic or visual

observations 16 inch diameter portholes are located 1l feet on center in the

tank floor, walls, and ceiling. Figures 107, 108, and 109 are illustrations of

the hydroballistics tank.
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teompressed gas lamnches tor hw
velocites)
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Vetonany 3000 1eer pee second
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Inrumentation Fire contral umt 1o

synchromize launcher-camery
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rocond the entire model trajectory.
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SECTION VII - TEST OPERATIONS

The aft ring and mid ring aft skirt segments of the SRB (2 models) were
fabricated under the direction of United Space Boosters,Inc., Huntsville,
Alabama for NASA. The models were then turned over to Chrysler for
instrumentation and calibration. Chrysler personnel transported the
models to the Naval Surface Weapons Center, White Oak, MD. On arrival

at White Oak the instrumentation calibration was again checked.

Barrel rods previously fabricated under the direction of Chrysler were
attached to each model, Aft er the weights of the models were recorded

the models were installed into the Hydroballistics Tank. This was ac-
complished by lowering the water level inthe tank to allow a raft to float
under the movable bridge within the tank., Prior to the model installation
a wooden deck was fabricated un top of this movable bridge. With the

raft positioned under the personnel hatch - located in the southeast ceiling
of the tank, the models were lowered and loaded on the raft using a chain
fall. The raft and model were then floated under the movable bridge to

a manhole located in the center ceiling of the tank. A bridge crane located
outside the tank was then centered over this manhole, The bridge crane
hook was then lowered through the manhole into the tank then attached to the
model on the raft. The hook and model were then raised to a height near
the ceiling to allow the raft to be floated from under the hook and the
movable bridge to be rolled under the manhole and model. When the movable
bridge was under the model, the model was then lowered to the wooden deck
on the bridge. The wooden deck served as a work platform for installing

the barrel rods, instrumentation repairs or changes, and for foaming
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operations. All foam and cork applications were accomplished on the
wooden deck using & portable exhaust system. With the models in the
tank, the water level was then raised to the 61 ft. height, instrument
cables were fed down into the tank and reconuected to the models using
silicone grease on the connectors to insure waterproofing. Models
were loaded fromthe wanden deck onto the raft in the same manner using
the crane hook through the manhole and moving the bridge. The raft
was used to move the models under the gun for loading into the gun

barrel.

Each mcdel was then loaded into the gun using a chain fall, dropped from
the tank top through the gun barrel, and attached to an eye bolt located
on the top of the barrel rod. The chain fall was then raised, and the
barrel rod was fed into the 6" gun barrel. A cafety rope was then
attached to the adapter plate and fed through the top of the tank and
secured to protect against accidental dropping of the model. With the
model in position in the gun, 4 raps of 600 lbs. kevlar line was attached
to each side of the model adapter plate. (6-raps were used in the mid
ring segment). This was accomplished using 2-eye bolts located on each
side of the adapter plate and 2-eye bolts on the gun barrel. With the
kevlar line secured, the chain fall was then detached from the top of the
barrel rod. This was accomplished from the top of the tank, The model
was then held by the kevlar line., With the model secured to the 6" gun
barrel and the chain fall removed, another chain host was then used to
raise the 6" gun barrel into the breech. Two pins were used to secure

the gun barrel into the breech. The second clain fall and safety rope
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were then released and removed. The air gun cylinder located above the

breech was then pressurized for firing.

Air gun cylinder prelsuten were varied to obtain the desired impact
velocities. Cylinder pressures were determined from prior calibration
data obtained in December 1982 and January 1983. The gun barrel was
rotated from the vertical position in order to obtain specific impact

angles.

Actual test velocities were calculated using a steel wire secured in a
3/64 inch groove located 1/4 inch from the end of the barrel rod. Two
magneti: pick-ups located in the gun barrel near the exit end, supplied

the ve.ocity information data,

Prior 10 each shot two ropes were fastened to the model adapter plate, and

the top of the tank. One rope was used as a model stop, and the other

was used as a safety backup. The safety rope was also used to raise the

model from the water, to the raft for transferring to the wooden deck.

The instrumentation cables were stored along the catwalk rail and fed out

when the model was fired into the water. Figures 119 through 184
illustrate the model loading and firing operations as well as foam

application.
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Aft Ring Seament
Model Safety Rope
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SECTION VIII - TRANSDUCER DATA REDUCTION

The first phase of data reduction was accomplished at the MSFC compu-
tation laboratory. The data were filtered with 5000 HZ low pass

fiilters, digitized at 10,000 samples per second and converted to engineer-
ing units. Digital tapes containing the data from each test drop were
forwarded to tk Slidell Computer Center for further processing and

plotting.

Transducer data in this report are presented in numerical order, 3 plots

per page, for each test drop. Time zero on the plots differs for each

run. Approximately 50 milliseconds uf data at 10,000 samples per second

are presented for each measurement. Each time slice is chosen to illustrate
the largest magnitude load event. All transducers are biased to a zero
average over a time interval chosen to represent free fall, normally 10
milliseconds beginning approximately 20 milliseconds before initial water
contact. Units on the plots are g's for accelerations, psig for pressures,

and micrometers/meter for strain gage data.

Sample data plots are presented in Figures 185 through 198. Data plots
for all test runs are presented as the Appendix. Volumes 1 and 2 of
the Appendix contain all data for the Aft Ring Model while Volumes 3 and

4 contain all data for the Mid Ring Model.
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